Introduction
Networked electronic services, offered by libraries, have dramatically changed faculty, staff, and student usage patterns at academic libraries in recent years. Libraries' electronic services are available to in-house users when libraries are open, but are also available to authorized remote users outside the library 24 hours a day. At the same time that electronic services are changing library usage patterns, academic libraries are spending an increasing percentage of their collections budgets on electronic services. In fiscal year 2000, Association of Research Libraries (ARL) members at North American libraries spent an average of 12.9% of their collections budgets on electronic services, representing more than $100 million in expenditures for electronic services by ARL members, or an increase of 45.7% over 1998.
The impact of altered usage patterns and increasing expenditures by academic libraries on electronic services has heightened interest among academic libraries to measure electronic services usage. For example, twenty-four members of the Association of Research Libraries completed an "E-metrics Project" in December, 2001. (http://www.arl.org/stats/newmeas/emetrics/) This paper examines the methodology and results from patron use surveys of electronic services at four geographically disparate academic health sciences libraries in the United States between 1999 and 2002. More than 9,000 library users were surveyed as they accessed the four libraries' networked electronic services.
The principal fields of inquiry discussed in this paper address the following questions:
• What is a statistically robust methodology for examining the use of electronic services, which captures in-library and remote web usage in a sound representative sample? The methodology used for collecting data in this study serves as a model for similar studies of library networked electronic services usage.
• What are the demographic differences between in-house library users as compared to remote library users by status of user (e.g., faculty member, staff member, graduate/professional student; and undergraduate student)?
• What are the users' purposes for accessing electronic services (e.g., sponsored (funded) research, instruction/education/non-sponsored research, patient care and other activities)?
• How does the purpose of use differ between traditional, in-person, library services (e.g., reference services, collections use, facilities use) and electronic services use?
• What are the differences in usage of electronic resources based upon the location of users (i.e., in the library; on-campus, but not in the library; or off-campus)?
• What information technology service should libraries implement to make such studies of patron usage of networked electronic resources routine, robust, and useful in the decision-making process?
This study describes a replicable, statistically sound, and simple methodology for collecting user data both in-house and remotely through the web. It documents why patrons are using electronic resources in academic health sciences libraries. It examines differences between in-house and web usage, comparing status and location of users and purpose of use. The results of this study will help guide service decisions in academic health sciences libraries, and reports on how patrons are using library networked electronic services in those libraries today.
Literature Survey
There has been considerable recent interest in measuring the use of networked electronic resources (see Bertot, McClure and Ryan (2002) Interestingly, web surveys are discussed and utilized in the measurement of users' perceptions of service quality, but are much less emphasized in the measurement of patron usage of networked electronic resources. User surveys of the usage of specific library resources and services appear to have taken a back seat in the e-metrics and service quality assessment projects, despite a history of interest in such research in the past by ARL, evidenced by regularly issued SPEC kits involving user studies. Covey (2002) does not systematically look at the unique challenges of web surveys in her coverage of user studies and usage studies of electronic resources, nor does Cullen (2001) in her survey article on user satisfaction surveys. Although it is difficult to document omission thoroughly, nevertheless it appears that there is little interest in using web surveys for capturing usage data in the recent projects to generate statistics and data for analyzing use and service quality of networked electronic resources.
Further, there has been surprisingly little literature on the design, reliability, and analysis of web-based user surveys in libraries for networked electronic services. Possibly, assumptions of non-replicability and non-randomness are a factor, as does the difficulty of correlating the results with data collected from the usage of physical resources and services. Suspicions about the inapplicability of the results to longitudinal (monthly or annual) data analysis, the self-selection of respondents, skepticism about utility of library satisfaction surveys, and the considerable use of web surveys by web marketing firms (with which many libraries may prefer not to be associated, particularly in the minds of their patrons) may also help explain the lack of literature in this field. There have been a few attempts to administer comparable and simultaneous web-based or digital and pencilbased or print surveys to library patrons. Yuan (2000, 2001) describe Western Kentucky University Libraries' library satisfaction survey with identical content for library Web and exit patrons to compare these groups' responses collected over a twoweek period.
The optional nature of most web-based surveys measuring usage of specific resources or services may be part of the reason for its non-adoption for rigorous studies such as the two ARL projects or other studies of user behavior. As Marino says:
The Web is different. For an organization like Gallup, the polling or inquiry of public opinion is conducted by interviewing a random sample of people. On the Web, the "sample" or "people taking the poll" isn't random, but self-selected. Does this make polling on your site useless? Absolutely not! Polls on the Web are a great interactive feature and a source of content in their own right.
For example, Chapman and Ragsdale (2002) conducted an optional web survey at the University of Alabama as part of a library service assessment program. One method to create a sample involves emailing a randomized set or the universe of users with a message explaining the purpose of the study with a link to the web-based survey. Such a study is Bao's (2002) report of Internet usage at Seton Hall University. Despite these examples, there appears to be little methodological interest in statistically valid, webbased surveys directed specifically at networked electronic resources users.
Survey Methodology
The Franklin, 2001 ).
In earlier studies of a similar nature Franklin accurately sampled library usage and then projected usage patterns over an entire year by distributing in-house library user surveys and concurrently sampling telephone and email information requests (2001) . It was clear, by the late 1990s, that an accurate estimate of networked electronic services usage that served as the allocation basis for the rapidly growing networked services cost pool needed to include remote Internet-enabled usage as well as in-house use. Consequently, the authors developed a statistically robust methodology to measure both in-house and remote usage, which could be employed to distribute the usage of networked electronic resources and the costs associated with providing networked electronic services to each of the university's primary functions.
Providing further impetus for the development of this particular methodology was the requirement by the U.S. Department of Health and Human Services (DHHS), Division of Cost Analysis, that all usage data for indirect cost allocation in library cost studies must be based upon actual library users and actual library usage. DHHS routinely disallows library cost studies based on circulation records as a reflection of the total library user population and cost allocations for collections purchases based on intended usage (e.g., undergraduate/non-undergraduate or research/instruction/patient care) as determined by selectors, bibliographers, or catalogers. Similarly, DHHS discourages cost allocations based on anticipated, "average," or historical usage by potential (i.e. at-large population samples) of potential library users. This DHHS requirement guided the authors' selection of a "real-time" survey design and methodology approach, and also resulted in our increased confidence in the data.
The authors' sampling plan was based on the random moments sampling technique. Once a representative sample size was calculated and the number of survey hours determined, survey periods were randomly selected from the entire population of library hours available for surveying, stratified monthly. In actuality, each library's public hours each month were identified as two-hour periods and assigned a unique identifying number. A random number generator was then used to select approximately two survey periods a month at each library to sample.
Each participating library consequently sampled approximately forty-eight hours during a twelve-month period. In addition, for reasons of convenience and logistics, two of the libraries ran their electronic services surveys for roughly 24 hours on days designated for two-hour samples. The authors have used the larger data set (n=9020) for aggregated data totals (e.g., Table 1 ), but have restricted any comparison between libraries to the smaller, more statistically comparable data set of 5830 respondents (e.g., Table 2 ).
Concurrent with the in-house paper survey, remote users were surveyed during the randomly selected two-hour survey periods as they accessed networked electronic services purchased by the library. Both in-library and remote networked services users were presented with a brief survey screen when they selected one of the electronic databases or full-text products offered by the library (see Figure 1 ). Each user was asked to identify their:
Status (e.g., medical student, faculty member, etc.); Affiliation (e.g., School of Medicine, School of Nursing, etc.); Location (e.g., In the Library; On-Campus, but not in the Library, Off-Campus) Purpose for Using Online Resources (e.g., Sponsored Research, Instruction, Patient Care)
Precise and consistent definitions of such terms as "Sponsored (funded) Research" or "Instruction" were provided through web links to text definitions.
Networked Electronic Services Library User Survey
This survey is being conducted by the University in order to assess usage of the Library's electronic services.
All responses are anonymous.
After completing the survey, you will be connected to the service you selected. Thank you for your help.
Patron Status: 
Survey Design Considerations
Some of the fundamental problems the authors attempted to address in the web-based portion of the data collection were:
1. In an institution, networked electronic resources are accessible from many different web pages and web servers, especially if the authentication method is by Internet Protocol (IP) address. A patron may connect to a resource through the library's OPAC, through an alphabetical list of databases, through a departmental web site, or through any number of other links and web pages outside the library's control. 2. Patrons may bookmark networked electronic resources locally on their own workstations, skipping local web page organizational schemes altogether. 3. Anonymity must be assured, yet only authenticated users should be surveyed or counted. The survey must be restricted to legitimate users and usages of the resources, and exclude the public or non-authenticated users. Yet, ID information was not collected, for preserving anonymity, allaying fears of privacy violations, and increasing the response rate. 4. The survey data must be collected and be commensurable for all networked electronic resources, including e-journals, e-books, online databases or traditional library request services offered in the online environment, such as Interlibrary Loan. The same survey was completed for usage of Interlibrary Loan (ILL) as for usage of OVID electronic journals, for example, so that the data were meaningful across all resources and services. 5. For the purposes of this survey, digital or networked library usage had to be comparable with traditional or in-person library usage, to paint the most complete picture of patron activity. The sampling of the in-person library usage and the online library usage were similar; the questions asked on the print and web survey were the same, although obviously displayed in a different manner, and the results are comparable to each other. 6. The web survey was not measuring web usability, nor was the in-house paper survey measuring library accessibility. However, one library might have a poor web site and a library in an awkward location with poor hours of availability, whereas another library may have a clear, easily understood web site and a centrally located health sciences library with excellent hours. The results of the surveys were no doubt affected by these realities but did not measure them. 7. The results of the survey had to be uninfluenced by caching issues, both local, web browser caching and proxy server or Internet Service Provider caching. 8. The survey had to be meaningful for networked electronic resources, no matter how they were implemented; either locally initiated, provided by remote vendors, or outsourced to other institutions (for example, web-based ILL might be outsourced). 9. Different authentication methods had to be accommodated, whether the institution used IP, password, referring URL, or in what turned out to be the preferred method for the purposes of this survey, an authentication and access gateway.
10. Filling out the web survey had to be required for all sampled patrons, and mandatory fields were identified within the survey, typically all of questions. 11. A robust number of sampled responses to the survey was desired. Yet, the survey could not be posted for inordinately long periods of time, due to patron irritation resulting in suspect data and the possibility of measuring the same patron several times. 12. The survey delivery mechanism had to be relatively simple, not requiring "cookies" or javascript, for example. It had to be functional across a wide range of browsers and different browser preferences set by the users. 13. The survey had to be based on actual usage, not upon predicted or representative usage. 14. The survey had to be genuinely random, not just an optional survey or a sample of opportunity. 15. Remote usage had to be measured, regardless of the channel of communication, whether locally implemented proxy server, modem pool, or other institutional service to work around the limitations of IP authentication. 16. The survey design and methodology had to be statistically sound to withstand a potential audit by the U.S. Department of Health and Human Services, which would be evaluating the methodology and results for integrity and potential bias.
Several sources of data for measuring usage of networked electronic resources, some of which are currently used by almost all health sciences libraries, were considered and rejected in the design of this study. These included: analyzing transactional logs with standard log analysis software; using vendor-supplied usage data; having vendors place the web survey at their end; creating a special proxy automatic configuration (pac) file that would direct web browsers requesting certain URLs to a web survey form; installing applications to capture usage on to a sample of patron workstations; and setting up a smart web form at the campus router. These solutions, although perhaps creative and certainly interesting to consider, were not especially easy or even possible to implement in our time frame. Often, these approaches did not solve some of the problems they were attempting to address, and even when associated with a web survey, did not validate, illuminate or confirm the web survey results, or provide new data that would be helpful in this project.
Local Conditions
The authors' ability to survey networked service usage was influenced by each library's local networked services environment. In each case, meetings took place involving the authors, the representatives from the library, IT staff, and university financial staff. The purposes of the meetings were to agree upon the randomized schedule, to assign responsibility for implementation of the print survey, to develop the questions and the form for the web survey, to administer the survey with the greatest likelihood of meeting the criteria listed above within what was reasonable given local conditions, and to assure implementation. The web form had a trial or pilot period to make certain that the proposed technology actually worked, and that the data were streamed to the designated destination in the appropriate file. The time and date stamp for each survey result proved surprisingly useful.
One health sciences library had several alphabetical lists of networked electronic resources, had outsourced its Interlibrary Loan web-based requests, and had a good relationship with an online vendor who provided access to many of the library's online databases. The vendor played an important role in writing the web survey form, using MS FrontPage (http://www.microsoft.com/frontpage/) and perl, and links on HTML alphabetical lists were changed at the specified sample periods. Links from the catalog were ignored, because they connected directly with the remote resource rather than with the list of sources, and could only be changed with difficulty. This campus had an extensive modem pool with little use of the proxy server, provided through the ILS. Based upon discussions with public service librarians, the authors concluded that although there were indeed multiple web pages pointing to the same sources, the library's web site had centralized access to a few lists, that other web sites on campus tended to point to the lists rather than individual resources, and that placing the web forms at the lists would capture a high percentage of campus traffic. In this scenario, any use of bookmarks directly linking to remote sources was lost data. Web-based ILL requests were outsourced, but excellent data were supplied by the outsourcing agency, which revised its institution-specific form to accommodate the survey questions.
A second health sciences library used the locally implemented OVID server to capture data, inserting the web survey after the OVID authentication password was entered. In this case, where the University used password rather than Internet Protocol (IP) address authorization, the survey page was presented to every user of any OVID networked service during the survey periods. Telnet access was disabled during the survey periods to assure that all users would see the web survey, and technical help was supplied by OVID.
The third health sciences library had implemented a Cold Fusion middleware (then Allaire but now Macromedia at http://www.macromedia.com/software/coldfusion/), using a 16 digit campus ID for authentication. The networking group in that university had implemented Cisco caching devices to enhance performance on the web, but HTML requests for remote library resources were passed on directly without being cached, based upon IP destination. With an access gateway through Cold Fusion, the likelihood of direct links to the remote resources, that is, lost data, is diminished, but not eliminated. The likelihood of uncounted hits is further reduced if all library web resources, including liaison pages, 856 links in the online catalog, etc., point to the Cold Fusion resource page and not to a direct link. In this library the web survey was written in Cold Fusion, and enabled at the specified random times throughout the survey period. For services such as Interlibrary Loan, the authors felt that almost no hits were lost, since everyone who needed the online request service linked to the form provided by the library. This University also used a proxy server.
The fourth health sciences library used EZProxy (http://www.usefulutilities.com/ezproxy/), a proxy services rewriter, and provided the tightest survey control through the gateway.
All requests for networked electronic services, including databases, e-journals and e-books, regardless of the location of the requesting workstation (within the Library, on campus, or off campus), were run through the EZProxy server. MS Active Server Pages (http://www.microsoft.com/) was used to write the web survey form, and it was enabled at the EZProxy gateway. This library also handled a considerable number of mediated searches and photocopy requests. Both services were added to the surveyed services. The authors were the most confident with this library that all appropriate usage was surveyed. The EZProxy gateway was the destination of all networked electronic services links, so any web pages on campus developed outside of the library pointed to the EZProxy server. Further, bookmarks would include the EZProxy URL.
Although the specific arrangement and implementations in each library were different, the desired criteria for the survey were the same in each library, and the authors are confident that the data collected are comparable, despite local differences. The most effective means to meet the web survey criteria was to run all access for networked electronic resources through a gateway that authenticated access and passed on the request, such as the fourth library's solution. Such an arrangement prevents lost data due to book-marks, non-library web pages, etc. The range of solutions confronting the authors appears to encompass most of the solutions used by academic health sciences libraries at this time.
Survey Results
The networked electronic services usage survey results were analyzed by the authors for patterns of use of potential interest to library administrators and researchers. Three such analyses follow.
Demographic Differences Between In-house Library Users and Remote Library Users of Networked Electronic Resources
All Four Libraries (n=9,020) Total Total as a % Table 1 One may conclude from this analysis that there are approximately four remote networked electronic users for every in-house user (7,278 remote users versus 1,742 in-house users equates to a ratio of 4.18 to 1).
This 4-1 ratio is even higher for faculty/staff/research fellows at academic health sciences libraries. There were more than five remote users for every in-house user in this classification category (4,306 remote versus 807 in-house users). Faculty/Staff/Research Fellows represent 59.16% of usage from outside the library but only 46.33% from inside the library. Remote users are demographically different from in-library users.
Each user classification (i.e., faculty/staff; graduate/medical/professional students; undergraduate students; and other users) used more networked electronic services remotely than in the library. Table 2 Sponsored research accounts for roughly 32% of the networked electronic resources activity. Instruction/Education/Non-sponsored research accounts for about 43% of use, whereas patient care accounts for roughly 14% of networked electronic resources use. Table 2 illustrates that sponsored researchers use networked electronic services most intensively from on-campus, but not from in the library. Sponsored researchers account for 16.41% of usage from within the library, but 39.61% of usage from outside of the library. The data also demonstrates that users employing networked electronic resources for instruction/education/non-sponsored research are more likely to be in the library than people who use networked electronic resources for sponsored research, patient care, or any other activity. Purpose of use for remote usage of networked electronic resources is significantly different from in-house usage.
Contrasting Purpose of Use by In-house and Remote Users of Networked Electronic Services
Also, despite proxy servers, modem pools and the similar remote enabling services, patrons go to the university to use their library's networked services offerings, that is, they are either on campus or in the library much more often than they are off-campus.
The four libraries vary in their users' purposes for using networked electronic resources. Table 3 In this table, data collected online from in-library and outside of the library usage of networked electronic resources are compared to the results of paper surveys distributed in the library during the sample periods. Table 3 shows that that the distribution of usage of electronic services and print journals show a similar pattern, although it seems that researchers are depending more on the electronic resources than traditional print journals. In addition, sponsored researchers tend to use electronic services and print journals more in their funded research than they use most other library services or a combined total for all library services, including reference services, instruction sessions, interlibrary loan, journals, monographs, networked electronic services, government documents, audiovisual materials, and reserve materials.
Conclusions
As a result of these pilot studies at four academic health sciences libraries, the authors are encouraged that the web-based survey methodology employed at these four libraries can serve as a model for similar user studies at other libraries. While local computing conditions influenced the technological logistics necessary to mount the survey, a similar survey screen with consistent data elements was presented to users at libraries with significantly different local computing and authorization/authentication schemes.
The studies demonstrated that remote usage of networked electronic services significantly exceeds in-library usage of those same resources. In varying degrees, remote usage was larger in volume than all other library services combined as well.
The remote usage of networked electronic services is for different purposes than inlibrary use of networked electronic resources. The users are also demographically different. As Table 2 illustrates, users employing networked electronic resources for instruction/education/non-sponsored research are more likely to be in the library than sponsored research, patient care, or all other activities users. Library patrons using electronic resources for sponsored research are likely to be on campus, but not in the library. Further, funded researchers in particular are heavy remote users of networked electronic resources.
For libraries that track in-person patron usage or users of networked electronic resources through reference queries, assistance given at workstations, anecdotal evidence for collection development decisions, stories told in person by patrons to library staff at service points, or other means, the in-person samples for networked electronic services usage and users are not representative of total usage and users. Far more sponsored research usage is occurring than is noticed by in-person tracking. Thus, for example, many medical libraries that fear they are not supporting grant-funded research are in fact supporting it well. It is being supported in a manner not presently counted by most libraries.
It is likely that the demographics of the in-person user of all library resources (not just networked electronic resources) and the remote user of all library resources differ. It is also likely that the purposes of the in-person user and the remote user differ for all services. The research presented here does not conclusively support these assertions, but further analysis of the data set, comparing the results of in-person paper surveys with the results of web-based surveys, may well argue for these hypotheses.
The results of this survey could be used as preliminary and provisional benchmarks. As more medical libraries are added to the data set, a library could note, for example, the averages for sponsored research, patient care, and other usage, and then decide if its own usage displayed the desired distribution. If, for example, 28% tends to be the average for the use of networked electronic resources by patrons engaged in sponsored research, but the usage by sponsored researchers of a particular library's networked electronic resources was 10%, the library could analyze the situation, deciding perhaps to market more aggressively to recipients of grant funded research.
Not surprisingly, the authors found that the distribution of usage of electronic services and print journals show a similar pattern, although it seems that researchers are depending more on the electronic resources than traditional print journals. The four studies supported their academic health sciences librarians' assertions that faculty/staff were not visiting the library in person as often as in the past and that funded researchers in particular were heavy remote users of networked electronic services.
Libraries that were best prepared to conduct this type of research had implemented a gateway for networked electronic resources. EZProxy, Cold Fusion, or Active Server Pages can serve as the foundation for such a gateway, but there are other possibilities. Gateways are an effective way to collect anonymous data on the usage by patrons, in ways that do not depend upon transaction log analysis nor upon unique patron authentication, some of the more traditional ways of thinking about measurement at the gateway. Libraries that want to understand the usage of library web services by their remote users should explore implementing gateways to obtain statistically valid samples. The survey presented here is just one example of the type of data it would be possible to collect from remote users. Patrons are using networked electronic resources and it is helpful for medical libraries to find out who they are and why they are using them, in order market and target services more effectively.
The authors expect that these four benchmark studies, conducted early in the "history" of networked electronic services usage, will demonstrate over time that as more library resources are offered via the web, library collections usage will increasingly occur outside the library, particularly by faculty, staff, and research fellows engaged in sponsored (funded) research) projects.
Definitions -a Footnote
For this research, our functional definitions for networked electronic services are similar to that found in the ARL E-Metrics Phase II Report. Training in the use of these resources and services; Requests for services via online forms (i.e., interlibrary loans). (Shim and others, 2001, xi) 
